Devices used by automated milking systems are similarly accurate in estimating milk yield and in collecting a representative milk sample compared with devices used by farms with conventional milk recording by Kamphuis, Claudia et al.
 
Devices used by automated milking systems are similarly accurate in 
estimating milk yield and in collecting a representative milk sample 
compared with devices used by farms with conventional milk recording 
Kamphuis, C., Dela Rue, B., Turner, S. A., & Petch, S. 
 
This is a "Post-Print" accepted manuscript, which has been published in "Journal of 
Dairy Science" 
 
This version is distributed under a non-commercial no derivatives Creative Commons 
 (CC-BY-NC-ND) user license, which permits use, distribution, and 
reproduction in any medium, provided the original work is properly cited and not 
used for commercial purposes. Further, the restriction applies that if you remix, 
transform, or build upon the material, you may not distribute the modified material. 
Please cite this publication as follows: 
Kamphuis, C., Dela Rue, B., Turner, S. A., & Petch, S. (2015). Devices used by 
automated milking systems are similarly accurate in estimating milk yield and in 
collecting a representative milk sample compared with devices used by farms with 




OUR INDUSTRY TODAY 1 
 2 
Devices used by automated milking systems are similarly accurate in estimating milk 3 
yield and in collecting a representative milk sample compared to devices used by 4 
conventional milk recording 5 
 6 
C. Kamphuis,
 *, 1, 2








DairyNZ Ltd., Private Bag 3221, Hamilton 3240, New Zealand 8 
 9 
1 
Corresponding author: phone: 0031 (0)317 484 065, fax: 0031 (0)317 482 745, email: 10 
claudia.kamphuis@wur.nl 11 
2 
Current address: Chair Group of Business Economics, Wageningen University, 12 
Hollandseweg 1, 6706 KN, Wageningen, the Netherlands 13 
  14 
 2 
 
ABSTRACT.  15 
Information on accuracy of milk sampling devices used on farms with automated milking 16 
systems (AMS) is essential for development of milk recording protocols. Thy hypotheses of 17 
this study were: (1) devices used by AMS units are similarly accurate in estimating milk yield 18 
and in collecting representative milk samples compared to devices used by certified milk 19 
recording providers on farms with conventional milking systems (CMS) and (2) devices used 20 
on both AMS and CMS comply with accuracy criteria described by New Zealand Standard 21 
and by the International Committee of Animal Recording (ICAR). Milk recording data from 22 
five AMS farms were collected during 13 milk recording test days between December 2011 23 
and February 2013. Milk yield was estimated by ICAR approved milk meters on AMS units. 24 
Milk samples were collected over a 48 h period and submitted to an off-site certified 25 
laboratory for milk composition analysis. Data were also collected manually from five to ten 26 
cows per AMS unit; a cow’s complete milking was weighed to serve as gold standard for milk 27 
yield and three milk samples per cow milking were collected and analyzed in the laboratory to 28 
serve as gold standards for milk composition. A similar procedure was used during six milk 29 
recording occasions with devices used during conventional milk recording at a CMS research 30 
farm. Farm type, breed, season and region did not appear to affect accuracy of devices used 31 
on AMS units. Milk meters used by AMS units complied with ICAR limits in 12.5% and 25% 32 
of the milk recording test days for test bucket weights between 2-10kg and for test bucket 33 
weights >10kg, respectively. These percentages were 52% and 42%, respectively, for devices 34 
used on CMS. Analyzing all samples as one milk recording testy day, 1.4% fell outside the 35 
20% difference band for AMS compared to 1.1% of the milk samples for CMS. Devices used 36 
by AMS complied with ICAR in 73% of the milk recording test days for fat percent, 37 
compared to 42% of the milk recording test days by devices used at CMS farm. When 38 
analyzing all milk samples as one milk recording test day, 3.5% of the milk samples fell 39 
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outside the 99% ICAR limit for AMS compared with 17.2% of the milk samples for CMS. 40 
Applying the ICAR standards for fat percent to crude protein percent and SCC, devices used 41 
on AMS were accurate in estimating crude protein percent but not in estimating SCC. Thus, 42 
devices on AMS units did not comply with national nor ICAR standards with regard to milk 43 
yield and fat percent. However, devices used on AMS were similarly or more accurate 44 
compared to devices used during conventional milk recording. It is proposed that devices used 45 
on AMS units, when calibrated regularly and when set up according to the manufacturer’s 46 
instruction, have similar or improved accuracy compared to CMS devices. Since the New 47 
Zealand industry accepts data from devices currently used by certified providers for milk 48 
recording on CMS farms, results imply that the AMS devices should also be permitted to be 49 
used for milk recording.  50 
 51 
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 53 
INTRODUCTION 54 
Robotic or automated milking systems (AMS) were introduced in 1992 (Bottema, 1992). 55 
Adoption of this technology was slow at first (De Koning, 2010) and initially took place in 56 
countries with high yielding cows, high milk prices, high labor costs and family-run farms 57 
(Lind et al., 2000). Adoption rates increased from the year 2000 onwards (De Koning, 2010) 58 
and included countries with lower-input pasture-based dairying systems (e.g., Jago et al., 59 
2004). As of today, it is estimated that well over 10,000 farms worldwide use one or more 60 
AMS units to milk their herd (Rodenburg, 2013). One of the key characteristics of AMS is 61 




Milk recording data is valuable for farmers to make management decisions regarding 64 
feeding, reproduction and culling. For breeding companies, milk recording data are essential 65 
to identify sires and cows that will contribute to the genetic gain of future generations of dairy 66 
cattle. Collecting milk recording data on farms with conventional milking systems (CMS), 67 
where cows are milked as one batch with more or less fixed milking intervals (e.g., in 68 
herringbones and rotary parlors), is clearly defined in milk recording standards. Farms with 69 
CMS are often offered flexible options in terms of collecting milk recording data, including 70 
the frequency of milk recording (from one to twelve week intervals), full and/or alternate milk 71 
recording, and supervised or unsupervised milk recording (Miglior et al., 2002). However, 72 
standards generally lack protocols for collecting milk recording data from systems where 73 
cows in the herd are milked 24 h per day and where milking intervals may vary between and 74 
within cows, as is the case in AMS. As a consequence, different countries apply different 75 
methods to collect and handle milk recording data from AMS farms (Miglior et al., 2002).  76 
In New Zealand, milk recording standards were developed before AMS technology 77 
was an option. Therefore, the standards only allow submission of milk recording data into the 78 
national database from herds that are milked in CMS. As a consequence, New Zealand 79 
farmers that currently use AMS (n = 15 herds; J. Jago, DairyNZ Ltd., Newstead, Hamilton 80 
3240, New Zealand, personal communication) are unable to submit milk recording data. A 81 
protocol for collecting milk recording data on AMS farms in New Zealand has been suggested 82 
by Jago and Burke (2013). This protocol involved the automated collection of milk samples of 83 
every cow milked by the AMS units during a 48 h time-period. While Jago and Burke (2013) 84 
suggested that their applied 48 h sampling period may be reduced to 24 h, to be accepted by 85 
New Zealand milk recording standards, validation of the approach described in the 48 h 86 
protocol was essential. This validation required data from AMS farms representing a variety 87 
of milking frequencies and typically representative of farms that varied in intensity (e.g., 88 
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pasture-based low supplementary feed input vs. housed high supplementary feed input dairy 89 
systems), breeds, season, and region. Part of the validation involved assessing the accuracy of 90 
the milk meters in estimating milk yield and of the automatic milk sampling devices used to 91 
collect a representative sample of a cow’s complete milk. The accuracy of these milk meters 92 
and the automatic milk sampling devices should meet the accuracy criteria described in the 93 
New Zealand Standard (2007) and preferably also the standards described by the International 94 
Committee of Animal Recording (ICAR, 2012).  95 
The hypotheses of this study were: (1) milk sampling devices (milk meters and 96 
automatic milk sampling devices) used on AMS units are similarly accurate in estimating 97 
milk yield and in collecting a representative milk sample compared to devices used by 98 
certified milk recording providers on CMS farms and (2) milk sampling devices used on AMS 99 
and CMS comply with accuracy criteria described by the New Zealand Standard (2007) and 100 
by ICAR (2012).  101 
 102 
MATERIALS AND METHODS 103 
Data used for this study originated from two separate but parallel running studies and, 104 
therefore, will be described in two separate sections.  105 
 106 
Data Collection from Farms with Automated milking systems 107 
Data were collected between December 2011 and February 2013 at five New Zealand farms 108 
located in the North (n = 2) and South Island (n = 3). The two main AMS suppliers in New 109 
Zealand were represented with two farms using a total of six DeLaval units (from the 2010 110 
model with ICAR approved milk meters; DeLaval International AB, Tumba, Sweden) and the 111 
remaining three using Lely units (Lely Industries NV, Rotterdam, The Netherlands;  eight A3-112 
units with a jar-type milk meter system and six A4-units with load-cells to estimate milk 113 
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yield; both milk meter devices were ICAR approved). The selected farms represented a range 114 
of New Zealand farm systems of varying herd sizes and breeds, including one farm milking a 115 
Jersey herd, one farm milking a Holstein-Friesian herd and the others milking predominantly 116 
Friesian and Friesian-Jersey crossbred cows (Table 1). The total number of milk recording 117 
test days conducted was 13, ranging between one and five milk recording test days per farm 118 
(Table 1). 119 
Before the start of each milk recording test day, one of the AMS suppliers confirmed 120 
that AMS units and milk sampling devices used for milk recording were installed and 121 
conformed to operational specifications. This included the installation of an automatic milk 122 
sampling device to each AMS unit on farm by a representative of the AMS supplier or by a 123 
trained representative of the local farm service center. For the other supplier of AMS, farmers 124 
were responsible for the installation of the automatic milk sampling device and testing that 125 
they were operational before milk recording started. Automatic milk sampling devices 126 
collected milk samples into vials similar to those used by one of two certified providers for 127 
milk recording on CMS farms. Vials were pre-loaded with three drops of a 10% solution of 128 
the preservative Bronopol (BP2000, Chemiplas, Auckland, NZ) and stayed uncapped to allow 129 
the preservative to dry, requiring no volume adjustments when milk samples were analyzed 130 
for milk composition. 131 
Each milk recording test day was conducted according to the 48 h protocol described 132 
by Jago and Burke (2013). This involved continuous data collection from the AMS 133 
management system (Process 1, Figure 1), including identification numbers of the AMS unit, 134 
the automatic milk sampling device and the cow, date and time of each cow milking, date and 135 
time of the previous milking of that same cow, milking interval as the time difference 136 
between current and previous milking, milk yield as recorded by the milk meters installed on 137 
each AMS unit, and whether or not the current milking had been successful according to 138 
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AMS software. During milk recording, automatic milk sampling devices collected a 25 mL 139 
milk sample from every cow milking over a 48 h time period (Process 2, Figure 1). Full vials 140 
were capped manually and recorded with a unique number, identifying the order in which the 141 
milk samples were collected and later used to match with data from the AMS management 142 
system. The full vials were removed from the automatic milk sampling device at regular 143 
intervals, replaced with empty ones, transferred into a sample tray (Sample Tray I; Figure 1) 144 
and refrigerated at 4
○
C until transported to the laboratory.  145 
In addition to the automated collection of milk samples, trained DairyNZ research 146 
technicians manually collected three reference milk samples from each of five to ten cows per 147 
AMS unit during each milk recording test day between 7 a.m. and 10 p.m. (Process 3, Figure 148 
1). To collect the three reference samples, AMS units were programmed to divert all milk into 149 
a test bucket after a cow finished milking. This test bucket was weighed before and after the 150 
milk was collected to estimate total milk yield for that cow milking, including an adjustment 151 
to account for the 25 mL of milk collected by the automatic milk sampling device. The test 152 
bucket milk was mixed and subsampled manually to collect the three reference milk samples 153 
(Process 3, Figure 1) using similar vials, pre-loaded with preservative, as used by the 154 
automatic milk sampling devices. The three reference milk samples were transferred to a 155 
second sample tray together with their corresponding sample collected by the automatic milk 156 
sampling device (Sample Tray II, Figure 1) and refrigerated at 4
○
C until transportation to the 157 
laboratory. The manually sampled cows included at least one high producing cow, one low 158 
producing cow, one cow with a high milking frequency, one with a low milking frequency 159 
and one randomly selected cow. Farm-specific performance indicators (e.g., milk yield and 160 
number of milkings per day) were used to identify these manually sampled cows. 161 
Both sample trays (Sample Tray I and II, Figure 1) were sent to Testlink Laboratory 162 
(located in Hamilton, New Zealand, for milk samples collected in the North Island and in 163 
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Christchurch, New Zealand, for milk samples collected in the South Island) for milk 164 
composition analysis including fat and crude protein percent and SCC. Milk samples in 165 
Sample Tray II (Figure 1) were analyzed twice: following the first analysis, the tray was 166 
retained until the results were printed. The tray was then tested again through the same 167 
machine and the second set of results was generated. Results from the first and second 168 
analysis of Sample Tray II were used in the current study for the milk samples collected 169 
manually (six milk composition results). Results from the first milk composition analysis only 170 
were used for the milk sample that was collected by the automatic milk sampling device of 171 
that same cow-milking (Process 3; Figure 1).  172 
 173 
Data Collection from a Conventional Milking System 174 
Data were collected at DairyNZ’s Lye Research Farm (Newstead, Hamilton 3240, New 175 
Zealand). Forty Friesian and Friesian-Jersey crossbred cows were selected from the entire 176 
herd to provide a sub-herd with a representative range of milk yields and SCC levels. The 177 
cows were managed as a single herd and milked twice daily using an 8-bail herringbone 178 
parlor. A re-familiarization period of eight milkings enabled the cows, normally milked in a 179 
rotary parlor, to get accustomed to milking in the small herringbone parlor. 180 
Milk recording test days were conducted by two providers certified for milk recording 181 
(CRV Ambreed, PO Box 176, Hamilton 3240, New Zealand; LIC, Private Bag 3016, 182 
Hamilton 3240, New Zealand). Temporary installation of the milk sampling devices were 183 
completed by a certified provider’s representative using routine procedures for milk recording 184 
on CMS farms. Each certified provider collected milk recording data on three occasions 185 
(early, peak and late lactation) in the 2012/2013 milking season. Each milk recording 186 
occasion comprised four consecutive milkings, equal to two consecutive milk recording test 187 
days each starting with the first milk sample collected at a p.m. milking. Milk samples 188 
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collected by the certified provider’s representative were weighed by DairyNZ technicians 189 
(Process 1; Figure 2). These samples were then split into one to five pre-loaded vials, 190 
depending on the volume of the collected milk sample, and stored in a sample tray (Sample 191 
Tray 1; Figure 2) refrigerated at 4
○
C until transportation to the laboratory. During each milk 192 
recording occasion, cows were milked into test buckets at every milking session using the 193 
same principle as with AMS systems; the test bucket was weighed before and after the milk 194 
was collected to estimate milk yield for that specific milking for that cow, including 195 
adjustment for the milk sample collected by the certified provider’s representative. The test 196 
bucket milk was mixed and subsampled manually to collect four reference milk samples using 197 
pre-loaded vials similar to those used with AMS (Process 2; Figure 2). The reference milk 198 
samples were transferred into the same sample tray as milk samples collected from the 199 
certified provider’s milk sample (Sample Tray 1; Figure 2). All milk samples were analyzed 200 
twice for milk composition by the TestLink Laboratory (Hamilton, New Zealand) using the 201 
same procedure as used for the AMS. Results from the first run only were used in the current 202 
study, including four milk composition results for each cow-milking that was manually 203 
collected (Process 2; Figure 2) and one to five milk composition results from the milk sample 204 
that was collected by the milk sampling device used by the certified providers (Process 1; 205 
Figure 2).  206 
Before the current study commenced, certified providers were requested to install the 207 
milk sampling devices as used in the field without any special preparations. One certified 208 
provider, however, did calibrate these devices specifically for this study.  209 
 210 
Accuracy of Milk meters (AMS) and Milk Sampling Devices (CMS) in Assessing Milk Yield 211 
The accuracy of milk meters used in AMS and milk sampling devices used in CMS were 212 
assessed using accuracy standards described in Section 11 of ICAR (2012) and Appendix D 213 
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of the New Zealand Standard (2007). According to ICAR (2012), the standard deviation and 214 
the bias of the estimated yield should be within 0.5 kg and 0.2 kg, respectively, for reference 215 
yields between 2-10 kg and less than 5% and 2%, respectively, for reference yields >10 kg. 216 
Appendix D of the New Zealand Standard (2007) states that 95% and 99% of the milk yield 217 
estimations must be within ±15% and ±20%, respectively, of the reference milk yield. In the 218 
current study, milk yield estimation refers to the yield assessed by the in-line milk meter on 219 
the AMS units and recorded by the herd management software (Process 1; Figure 1) or by the 220 
milk yield estimation derived from samples taken by the milk sampling devices used by the 221 
two certified providers (Process 1; Figure 2). The reference yield refers to the milk yield 222 
assessed by manual weighing of test buckets, adjusted for milk collected by certified 223 
providers at CMS (Process 2; Figure 2) and the 25 mL milk sample collected by the automatic 224 
milk sampling devices at AMS farms (Process 3; Figure 1). One AMS supplier recorded milk 225 
yield in liters and, therefore, results were converted to kilograms by multiplying the recorded 226 
milk yield by 1.03. 227 
 228 
Accuracy of Milk Sampling Devices in Collecting Representative Milk Samples 229 
Appendix D of the New Zealand Standard (2007) sub-sampling requirements for milk 230 
components state analyses to be applied to fat percent only and require 95% and 99% of all 231 
milk samples to be within +0.1% and +0.2% of the mean of the two reference samples, 232 
respectively. These requirements are more rigorous than those stated in ICAR (2012). 233 
Moreover, these accuracy requirements for sub-sampling are being revised and currently 234 
under public consultation (New Zealand Standard, 2014).  Therefore, accuracy of automatic 235 
milk sampling devices used on AMS units and the milk sampling devices used by certified 236 
providers in CMS in collecting representative milk samples was assessed using ICAR (2012) 237 
standards only. The current study applied the limits set for milk recording devices with a 238 
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sampler. For these types of samplers, ICAR (2012) only presents limits for fat percent. The 239 
current study applied these limits also to crude protein percent and SCC, and presented the 240 
results for all milk components with indications of the 95% and 99% confidence intervals 241 
around the limit for standard deviation. This means that 95% of the milk samples should be 242 
within 1.96 times the standard deviation limit and 99% of the milk samples should be within 243 
2.57 times the standard deviation limit, where the standard deviation limit is 0.10% (ICAR, 244 
2012). 245 
Results of the composition analyzes of the reference samples (n = 6) collected 246 
manually at AMS units (Process 3, Figure 1) were averaged to serve as gold standards. The 247 
composition result of the first run for milk samples collected by the automatic milk sampling 248 
device was compared with this gold standard. Milk samples in Sample Tray I (Figure 2) 249 
collected at CMS were also analyzed in duplicate, but only results of the first run were used. 250 
Thus, the first results of the four reference samples collected manually per milk sample 251 
(Process 2, Figure 2) were averaged to serve as gold standard for CMS. The first results of the 252 
one to five milk samples that were collected from the milk sampling device used by certified 253 
providers (Process 1; Figure 2) were also averaged (if applicable) to compare with this gold 254 
standard.  255 
Data analyses were conducted in GenStat (VSN International, 2013). Graphs were 256 
created with the package lattice 0.20-24 (http://lattice.r-forge.r-project.org/index.php) in R 257 
version 3.0.2 (www.R-project.org). Results for SCC were log10 transformed prior to the 258 
analyses. As the current study’s focus is on accuracy of milk sampling devices (milk meters 259 
and automatic milk sampling devices) used on AMS, results of AMS are presented per milk 260 
recording test day. By doing this, potential differences between farm type, season, breeds, and 261 
region would be made visible. Results for milk sampling devices used by certified providers 262 
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are merged together in the creation of plots. This was done to provide results for comparison 263 
with AMS, and not to demonstrate the accuracy of each certified provider separately.  264 
 265 
RESULTS 266 
Accuracy of Milk Meters (AMS) and milk sampling devices (CMS) in Assessing Milk Yield 267 
There were 189 milk samples analyzed to assess the accuracy of milk meters used by AMS 268 
units in estimating milk yield, and 943 milk samples were analyzed to assess accuracy of milk 269 
sampling devices used by certified providers for CMS (Table 2).  270 
Evaluating the accuracy according to ICAR (2012), milk meters used by AMS units 271 
complied for both standard deviation and bias in one out of eight milk recording test days 272 
(12.5%) for test bucket weights between 2-10kg and in two out of eight milk recording test 273 
days (25%) for test bucket weights >10kg (Table 3). In comparison, milk sampling devices 274 
used by certified providers complied for both standard deviation and bias in 11 out of 21 275 
milking sessions (52%) with test bucket weights between 2-10kg and in eight out of 19 276 
milking sessions (42%) with test bucket weights >10kg (Table 4). For CMS milk sampling 277 
devices, for the majority of milk recording occasions, the bias was <0.4 kg with a standard 278 
deviation of <0.5 kg for test bucket weights between 2-10 kg, and <4% and <5% for bias and 279 
standard deviation, respectively, for test bucket weights >10 kg. If these limits were applied to 280 
milk meters used by AMS units, then one more milk recording test day would comply for 281 
both bias and standard deviation (test day 12; Table 3) for both milk yield categories. 282 
With the exception of two milk recording test days, milk meters were accurate in 283 
estimating milk yield when evaluated according to accuracy criteria of the New Zealand 284 
Standard (2007; Figure 3). When aggregating all AMS milk samples and analyzing them as 285 
one milk recording test day on 189 cows, 15 out of 189 milk samples (7.9%) fell outside the 286 
20% difference band from the gold standard, compared with the 1% that are allowed to fall 287 
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outside this limit. Excluding the two milk recording test days where the milk meters were 288 
clearly inaccurate, resulted in two out of 139 samples (1.4%) falling outside the 20% 289 
difference band. In comparison, milk sampling devices as used by certified providers were 290 
slightly more accurate in estimating milk yield (Figure 4) when evaluated according to the 291 
New Zealand Standard (2007); Ten out of 943 milk samples (1.1%) fell outside of the 20% 292 
difference band from the gold standard.  293 
The two milk recording test days where milk meters were clearly inaccurate in 294 
estimating milk yield happened to occur on the same farm. Results from the other milk 295 
recording test days suggest that farm type (housed vs. pasture-based, high vs. low input), 296 
breeds, season, and region do not influence the accuracy of milk meters in estimating milk 297 
yield (Figure 3).  298 
 299 
Accuracy of Milk Sampling Devices in Collecting Representative Milk Samples 300 
To assess the accuracy of the automatic milk sampling devices on AMS units and milk 301 
sampling devices used by certified providers at CMS in collecting a representative milk 302 
sample for milk composition analysis, 202 milk samples were analyzed for AMS and 934 303 
milk samples for CMS (Table 2). Not all CMS milk samples, however, had results for fat and 304 
crude protein percent and SCC, as some SCC analyses were missed or sample identification 305 
numbers did not match and, therefore, results were deemed invalid. A total of 841, 934, and 306 
633 milk samples for fat percent, crude protein percent, and SCC, respectively, were included 307 
for further analyses. Results for SCC were reported for four milk recording occasions only. 308 
Figure 5 demonstrates that, for fat percent, in eight out of 11 AMS milk recording test 309 
days (73%) automatic milk sampling devices were able to collect milk samples where none 310 
fell outside the limit set by ICAR (2012). However, when all milk samples were aggregated 311 
and analyzed as one milk recording test day on 202 cows, 7 out of 202 (3.5%) milk samples 312 
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collected by automatic milk sampling devices fell outside the 99% ICAR limit. Findings for 313 
fat percent were similar for milk sampling devices used by certified providers in CMS: in 5 314 
out of 12 milk recording test days (42%) milk sampling devices collected milk samples where 315 
none fell outside the limit set by ICAR (2012). Aggregating all milk samples and analyzing 316 
them as one milk recording tests day on 841 cows, however, resulted in 145 out of 841 milk 317 
samples (17.2%) that fell outside the 99% limit set by ICAR (2012; Figure 6).  318 
Applying the same ICAR accuracy standards for fat percent to crude protein percent, 319 
automatic milk sampling devices on AMS units were able to collect milk samples in nine out 320 
of 11 milk recording test days (82%) without any falling outside the 99% limit (Figure 7). 321 
When analyzing all milk recording test days as one, 2 out of 202 milk samples (1%) collected 322 
by automatic milk sampling devices fell outside the 99% limit. For milk sampling devices 323 
used by certified providers for CMS, 11 out of 12 milk recording test days (92%) had no milk 324 
samples fall outside the 99% limit. When aggregating all milk samples and analyzing them as 325 
one milk recording test day on 934 cows, this comprised 2 out of 934 milk samples (0.2%; 326 
Figure 8).  327 
Applying the same ICAR accuracy standards for fat percent to SCC, eight out of 11 328 
milk recording test days (73%) conducted on AMS farms had no milk samples that fell 329 
outside the 99% limit (Figure 9). This equaled to six out of 202 milk samples (2.9%) when all 330 
samples were aggregated and analyzed as one milk recording test day on 202 cows. For milk 331 
sampling devices used by certified providers for CMS, there were 6 out of 8 milk recording 332 
test days (75%) that had no milk samples falling outside the 99% limit. When aggregating the 333 
milk samples and analyzing them as one milk recording test day on 633 cows, 13 out of 633 334 
milk samples (2.1%) fell outside the 99% limit set by ICAR (Figure 10).  335 
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Figures 5, 7 and 9 demonstrate visually that the type of farm, breed, season, and region 336 
do not influence the accuracy of automatic milk sampling devices in collecting representative 337 
milk samples. 338 
 339 
DISCUSSION 340 
This study was conducted to assess the accuracy of milk sampling devices used by AMS 341 
(milk meters and automatic milk sampling devices) for developing milk recording protocols 342 
for AMS farms. This accuracy was compared with New Zealand and ICAR standards and 343 
with the accuracy of milk sampling devices used by certified providers at CMS farms.  344 
 Before each milk recording test day started on AMS farms, AMS suppliers were asked 345 
to assure that AMS units and automatic milk sampling devices were installed and conformed 346 
to their standard operating procedures. This was done by either a representative of the AMS 347 
supplier for one AMS supplier, whereas farmers checked the standard operating procedures 348 
themselves in case of the second AMS supplier. According to these latter procedures, milk 349 
meters on the AMS units were not required to be calibrated. This lack of calibration clearly 350 
influenced results negatively for two milk recording test days that happen to be conducted on 351 
the same AMS farm. Excluding these two milk recording test days did improve accuracy from 352 
7.9% of the samples that fell outside the 99% difference band from the gold standard to 1.4% 353 
falling outside this limit. Yet, the bias and standard deviation of the milk meters still exceeded 354 
the limits set by ICAR. Moreover, the less strict New Zealand Standards were also not met by 355 
the milk meters to estimate milk yield. Results stress the importance that milk meters on AMS 356 
units require calibration on a regular basis to ensure they work as accurately as possible. Yet, 357 
even with calibration, the milk meters do not meet the accuracy standards.  358 
 The accuracy of automatic milk sampling devices used by AMS units in collecting 359 
representative milk samples were assessed using the limit for standard deviation for fat 360 
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percent as described by ICAR (2012) for all components, due to the lack of limits for crude 361 
protein percent and SCC. The reported percentages that fall outside this limit are likely to be 362 
overestimated as these percentages do not take into account potential bias. Still, even when 363 
taking bias into account, automatic milk sampling devices are likely not to meet ICAR (2012) 364 
standards for fat percent and the limit set for SCC. For crude protein percent, automatic milk 365 
sampling devices are likely to fulfil the set requirement when bias is taken into account.  366 
 Data used for the current study originated from two separate but parallel running 367 
studies. Both studies had their own objectives and, as a consequence, data collection and 368 
procedures to analyze milk samples differed slightly. These differences are acknowledged 369 
together with the fact that data were collected on just one CMS research farm which was not 370 
representative of the average CMS farm in New Zealand. Additionally, one certified provider 371 
calibrated their milk sampling devices specifically for this study, despite the request to use 372 
their devices as they normally would do in the field. Despite all this, data collected at the 373 
CMS farm are still useful to demonstrate variation in accuracy of milk sampling devices 374 
currently used by certified providers in estimating milk yield and in collecting representative 375 
milk samples for composition analyses to serve as a comparison for the AMS data. 376 
 Similar to the data collected at AMS farms, the variation in accuracy of milk sampling 377 
devices used by certified providers falls outside the limits set by ICAR (2012) and New 378 
Zealand Standards (2007). This variation was much greater for fat percent compared to the 379 
variation reported for the automatic milk sampling devices used by AMS. Variation in 380 
accuracy for milk sampling devices was comparable to that of milk meters for milk yield, and 381 
to that of automatic milk sampling devices for crude protein percent and SCC. Although 382 
neither of the milk sampling devices used on AMS units nor those used by certified providers 383 
met ICAR (2012) standards, results are encouraging as they are derived from the field where 384 
it will be much more challenging to meet standards compared to laboratory settings. 385 
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 Despite the fact that the milk sampling devices did not meet ICAR (2012) nor New 386 
Zealand Standards (2007) for milk yield, and fat percent nor the set limits for SCC, data from 387 
milk sampling devices used by certified providers at CMS farms are accepted by breeding 388 
companies to calculate breeding values. Moreover, these breeding companies have been able 389 
to ensure genetic gain of New Zealand dairy cattle (Amer, 2013). One could, therefore, argue 390 
that breeding companies require at least a similar or better accuracy from the milk sampling 391 
devices used on AMS farms for the information to be of value for calculating breeding values. 392 
Results of the current study suggest that the milk sampling devices (milk meters and 393 
automatic milk sampling devices) used on AMS units are similarly or more accurate than the 394 
milk sampling devices used by certified providers for CMS. When addressing the most 395 
variable component (fat percent), 27% of the milk recording test days conducted on AMS 396 
farms had data outside the 99% limit compared with 58% for milk recording test days 397 
conducted at the CMS farm. When all data were analyzed as one milk recording test day, 398 
3.5% of the milk samples were outside the 99% limit for AMS compared with 17.2% for 399 
CMS. It can, therefore, be concluded that milk sampling devices used to collect milk 400 
recording data on AMS farms, when calibrated regularly and when installed (including the 401 
set-up and software used), conformed to the  manufacturer’s instructions, have similar or 402 
improved accuracy compared to CMS milk sampling devices. These results imply that milk 403 
sampling devices used on AMS should also be permitted to be used for milk recording . The 404 
results also suggest that revision of the sub-sampling requirements in the New Zealand 405 
Standard (2012), to be more aligned with ICAR (2012) guidelines, is appropriate.  Future 406 
research should study whether performances specified in the revised New Zealand Standard 407 
(2014) better reflect the performance of milk sampling devices used by certified providers on 408 
CMS farms for both milk yield and milk composition. Additionally, future research should 409 
evaluate whether the 48 h collection of milk recording data as proposed by Jago and Burke 410 
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(2013) can be reduced to make it a less expensive and a more practical protocol without 411 
losing accuracy for estimating standardized 24 h yields. 412 
 413 
CONCLUSION 414 
Farm type, breed, season, and region do not appear to affect the accuracy of milk sampling 415 
devices (milk meters and automatic milk sampling devices) used on AMS units to collect milk 416 
recording data. Furthermore, milk sampling devices used on AMS require regular calibration 417 
and the set-up of these devices (including software used) has to conform to the manufacturer’s 418 
instructions. Milk sampling devices used on AMS units did not comply with national nor 419 
ICAR standards with regard to milk yield and fat percent. Applying the ICAR accuracy 420 
standards for fat percent to the milk components crude protein percent and SCC, then the 421 
sampling devices used on AMS were accurate in estimating crude protein percent but not in 422 
estimating SCC. However, the milk sampling devices used on AMS were similarly or more 423 
accurate compared to the milk sampling devices currently used by certified providers at CMS 424 
farms. Therefore, since the New Zealand industry is currently accepting data from milk 425 
sampling devices used on CMS farms, it is proposed that AMS milk sampling devices also 426 
should be permitted to be used for milk recording in New Zealand. 427 
 428 
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Table 1. Characteristics of participating farms with automated milking systems (AMS) 472 
Farm Herd 
size (n) 
Farm system AMS 
units (n) 
Milk recording 
test day (n) 
1
 
180 Predominantly pasture fed, organic, spring 
and autumn calving herds, Friesian-Jersey 
crossbred herd 
2 5 
2 320 Predominantly pasture fed, seasonal 






Housed, predominantly silage/TMR fed, 





500 Housed predominantly silage/TMR fed, 





150 Predominantly pasture fed, seasonal 
calving, Friesian-Jersey crossbred herd 
2 2 
a
 Started with AMS during the 2012/2013 milking season and was expanding herd size to 320. 473 
  474 
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Table 2. Number of milk samples included to assess the accuracy of milk meters in 475 
estimating milk yield and automatic milk sampling devices in collecting a representative milk 476 
sample for the five farms with automated milking systems (AMS) and to assess the accuracy 477 
of milk sampling devices used by certified providers at farms with conventional milking 478 
systems (CMS) 479 
AMS: 
Number of milk samples used for assessing 
the accuracy of 
 CMS: 
Number of milk samples used for 




































10  1 156 153 
2 --
 
10  2 160 160 
3 --
 
10  3 152 148 
4 18
 
20  4 159 160 
5 18
 
20  5 160 158 
6 -- 10  6 156 155 
7 -- 10     
8 18 18     
9 32
 
33     
10 21 21     
11 42
 
40     
12 20 --     
13 20 --     
       
Total 189 202   943 934 
a 
Reasons why milk samples were not analyzed for milk composition or where the number of milk samples used 480 
for analyzes is different between yield and milk composition include: milk samples having no reference milk 481 
yield, milk samples received no laboratory results for milk composition, and milk composition results received 482 
from the laboratory were deemed invalid because sample identification numbers did not match. 483 
  484 
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Table 3. Accuracy of milk meters on automated milking systems (AMS) in estimating milk 485 
yield when evaluated against the standard described by the International Committee of 486 
Animal Recording (ICAR, 2012). Values in bold indicate that the milk yield estimate is in 487 






















c      
  
<5% 
4 2 0.86 0.05  16 10.1 3.3 
5 5 1.04 0.26  13 9.9 5.7 
8 5 0.85 1.35  13 15.2 8.2 
9 21 1.16 1.54  11 12.5 12.9 
10 9 -0.02 0.56  12 -1.4 3.5 
11 32 -0.07 0.39  10 -1.1 1.6 
12 2 0.27 0.14  18 3.8 3.2 
13 15 0.58 0.67  5 6.7 1.3 
a
 Milk recording test day refers to the same milk recording test day listed in Table 2. 489 
b 
Average of the difference in milk yield estimated by milk meters on AMS units and the milk yield from 490 
weighing the test buckets. 491 
c
 Standard deviation of the difference in milk yield estimated by milk meters on AMS units and the milk yield 492 
from weighing the test buckets. 493 
  494 
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Table 4. Accuracy of milk sampling devices used by two certified providers at CMS in 495 
estimating milk yield when evaluated standards described by the International Committee of 496 
Animal Recording (ICAR, 2012). Values in bold indicate the milk yield estimate is in 497 








Test bucket Milk yield 2-10 
kg 
 Test bucket Milk yield >10kg 
















c      
  
<5% 
1 1 11 0.60 0.96  28 1.26 7.11 
 2 1 -0.04 n/a  38 1.80 5.73 
 3 9 0.09 0.31  30 2.62 3.35 
 4     39 2.05 2.88 
         2 1 39 0.03 0.76  1 0.85 n/a 
 2 1 0.18 n/a  39 1.41 2.03 
 3 27 0.28 0.52  13 2.82 2.19 
 4 1 -0.45 n/a  39 2.7 2.87 
         3 1 38 -0.10 0.47     
 2 37 0.00 0.28  1 -1.82 n/a 
 3 38 0.07 0.16     
 4 32 -0.01 0.25  6 0.05 2.47 
         4 1 34 -0.27 0.37  5 -4.48 5.92 
 2 1 0.11 n/a  39 -1.31 2.56 
 3 6 -0.05 0.12  34 -0.79 3.20 
 4     40 -0.44 2.76 
         5 1 40 -0.16 0.95     
 2 2 0.09 0.08  38 -0.24 4.29 
 3 21 0.01 0.22  19 0.67 1.86 
 4     40 1.86 4.15 
         6 1 39 0.04 0.22     
 2 31 0.24 0.40  8 2.33 3.38 
 3
d 
38 0.12 0.18     
 4
d 
30 0.19 0.28  8 3.08 2.12 
a
 Milk recording occasion refers to the same milk recording occasion listed in Table 2. 499 
b 
Average of the difference in milk yield estimated by milk sampling devices used by two certified providers at 500 
CMS and the milk yield from weighing the test buckets. 501 
c
 Standard deviation of the difference in milk yield estimated by milk sampling devices used by two certified 502 
herd providers at CMS and the milk yield from weighing the test buckets. 503 
d




Figure 1. Schematic approach of collecting milk samples manually and by automatic milk 506 
sampling devices on farms with automated milking systems. 507 




Figure 2. Schematic approach of collecting milk samples manually and by certified herd 510 
providers at farms with a conventional milking system. 511 




Figure 3. Percent difference in estimated milk yield between milk meters used by automated 514 
milking systems and the gold standard (test bucket weight). Each panel represents milk 515 
samples collected during a milk recording test day (n = 8 on five AMS farms) and panels are 516 
numbered such that they are in agreement with milk recording test days reported in Table 2. 517 
Appendix D (New Zealand Herd Test Standard 8100.2007) states that 99% of the samples 518 
should be within a 20% difference band from the gold standard (dashed lines) and that 95% of 519 
the samples should be within a 15% difference band from the gold standard (dotted lines). 520 
4 5 8 





Figure 4. Percent difference in estimated milk yield between milk sampling devices used by 522 
certified providers and the gold standard (test bucket milk). Each black dot represents a 523 
sampled cow. Appendix D (New Zealand Herd Test Standard 8100.2007) states that 99% of 524 
the samples should be within a 20% difference band from the gold standard (dashed lines) and 525 
that 95% of the samples should be within a 15% difference band from the gold standard 526 





Figure 5. Difference in fat percent between milk samples collected by automatic milk 530 
sampling devices at automated milking systems and the gold standard (test bucket Fat%). 531 
Each panel represents milk samples collected during a milk recording test day (n = 11 from 532 
five AMS farms) and panels are numbered such that they are in agreement with milk 533 
recording test days reported in Table 2. The dotted and dashed lines represent limits reported 534 
in ICAR (2012) standards: 95% and 99% of the milk sample results should fall within these 535 
limits, respectively. 536 
  537 
1 2 3 4 
5 6 7 8 




Figure 6. Difference in fat percent between milk samples collected by milk sampling devices 539 
used by certified providers and the gold standard (test bucket Fat%). Each black dot 540 
represents a sampled cow. The dotted and dashed lines represent limits reported in ICAR 541 
(2012) standards: 95% and 99% of the milk sample results should fall within these limits, 542 
respectively. 543 




Figure 7. Difference in crude protein (CP) percent between milk samples collected by 546 
automatic milk sampling devices at automated milking systems and the gold standard (test 547 
bucket CP%). Each panel represents milk samples collected during a unique milk recording 548 
test day (n = 11 from five AMS farms) and panels are numbered such that they are in 549 
agreement with milk recording test days reported in Table 2. The dotted and dashed lines 550 
represent limits similar to those reported for fat percent in ICAR (2012) standards: 95% and 551 
99% of the milk sample results should fall within these limits, respectively. 552 
  553 
1 2 3 4 
5 6 7 8 




Figure 8. Difference in crude protein (CP) percent between milk samples collected by milk 555 
sampling devices used by certified providers and the gold standard (test bucket CP%). Each 556 
black dot represents a sampled cow. The dotted and dashed lines represent limits similar to 557 
those reported for fat percent in ICAR (2012) standards: 95% and 99% of the milk sample 558 
results should fall within these limits, respectively.  559 
 560 




Figure 9. Difference in log10 Somatic Cell Count (log10SCC) between milk samples collected 563 
by automatic milk sampling devices at automated milking systems and the gold standard (test 564 
bucket log10SCC). Each panel represents milk samples collected during a unique milk 565 
recording test day (n = 11 from five AMS farms) and panels are numbered such that they are 566 
in agreement with milk recording test days reported in Table 2. The dotted and dashed lines 567 
represent limits similar to those reported for fat percent in ICAR (2012) standards: 95% and 568 
99% of the milk sample results should fall within these limits, respectively. 569 
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Figure 10. Difference in log10 Somatic Cell Count (log10SCC) between milk samples 573 
collected by milk sampling devices used by certified providers and the gold standard (test 574 
bucket log10SCC). Each black dot represents a sampled cow. The dotted and dashed lines 575 
represent limits similar to those reported for fat percent in ICAR (2012) standards: 95% and 576 
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Corporations increasingly acknowledge the importance of corporate sustainable practices. Corporate 
social responsibility is therefore gaining significance in the business world. Since solving corporate social 
responsibility issues is not a routine job, every challenge in corporate social responsibility requires its 
own approach; and management competencies are crucial for designing appropriate approaches towards 
the realization of sustainable solutions. On the basis of seven corporate social responsibility 
competencies synthesized from the extant literature, this research provides an empirical analysis of 
which of these competencies managers need in order to achieve corporate social responsibility goals 
within their specific context; and at which specific stage of the implementation process. The data sources 
are interviews with corporate social responsibility managers - whose positions and circumstances share 
many similarities - at four large multinational enterprises. The empirical analysis reveals that managers 
undertake four corporate social responsibility core tasks: I) orientation, II) reaching common ground, 
III) performing pilot projects, and IV) embedding results. Within the context of the analysis, the 
competencies: Systems Thinking, Embracing Diversity and Interdisciplinarity, Interpersonal Competence, 
Action Competence, and Strategic Management were found to be necessary. The Embracing Diversity 
and Interdisciplinarity competence was identified as the most relevant. This study contributes to the 
corporate social responsibility (education) literature by introducing an empirical test of which 
competencies are considered necessary for managers in various stages of corporate social responsibility 
implementation. Linking these competencies to core tasks makes them more concrete and increases the 
chances of interpreting them unambiguously, which in turn can aid learning trajectories in both business 
and education.  
 





Corporate Social Responsibility (CSR) is gaining significance in the business world, as corporations 
increasingly recognise the importance of ethical and responsible business practices to their survival and 
legitimacy (Dunphy et al., 2003). CSR is a business approach to sustainable development wherein 
companies voluntarily integrate environmental, social, and economic concerns with their business 
strategies - and into their interactions with stakeholders - in a quest to contribute to society in a 
sustainable way (Dahlsrud, 2008). This definition emphasises the voluntary nature of CSR, in that 
businesses engage in CSR-related activities that go beyond compliance to laws and regulations; such 
voluntary activities have the potential to increase the competitiveness of companies. However, since 
these activities can be abandoned at any time (Lozano, 2012), it is critical that they be embedded in 
organisations. In order to distinguish CSR from sustainability in this article, sustainability is defined as 
the ultimate goal of society at large (Marrewijk and Werre, 2003), whereas CSR concentrates on the 
contribution of companies to achieve said sustainability goal, for instance by balancing people, planet, 
and profit in their business practices (Wempe and Kaptein, 2002).  
 However, the problem is that issues like global warming, poverty, hunger and biodiversity 
decline cannot be solved in an easy and unilateral way. De Colle and Henriques (2013) underline this 
with their statement that: “despite being well-intended, CSR standards can favour the emergence of a 
thoughtless, blind and blinkered mindset which is counterproductive of their aim of enhancing the social 
responsibility of the organisation” (p. 1). Schwartz and Tilling (2009) paint a more nuanced picture. 
Although they acknowledge the necessity of standards (e.g. ISO 26000), they argue that CSR standards 
may lead to the isolation (or decontextualisation) of complex and contested social issues, while favouring 
their social legitimacy. Sustainability can be enhanced by (international) standards like ISO, but 
sustainability challenges beyond these standards have to be approached in an interdisciplinary way (e.g., 
people, planet and profit); by means of collaborations between different stakeholders, in which the time 
dimension and the context are taken into account as well (cf. Lozano, 2008). This means that 
sustainability remains a challenge, where every problem or challenge should be studied in its own 
particular context and time frame. This complexity grows even more because multiple stakeholders like 
businesses, governments and non-governmental organisations (NGOs) interact in sustainability issues 
with often conflicting value frames and ideologies (Peterson, 2009); this explains the complexity of many 
CSR practices as well. This complexity is also partly recognisable in other management areas like quality 
management or change management, but competing interests and value frames of stakeholders are 
particularly at stake where it comes to CSR practices.  
Dealing with CSR challenges is complex, and strategic and operational decisions have to be 
taken at the individual level or at the level of an internal (e.g. management team, board of directors) 
and/or external (e.g. multiple stakeholders) team of individuals with different backgrounds, interests and 
value frames. Furthermore, because of the complexity of CSR challenges, standard responses will not 
suffice; what worked in the past does not necessarily work for the future. This explains the importance of 
the individual level or, as it is framed by Hesselbarth and Schaltegger (2014), the level of “the change 
agent”. Change agents are crucial for the development of the necessary flexibility and adaptability of 
businesses in dealing with new and changing sustainability challenges, it is assumed that the flexibility 
and adaptability of change agents lie embedded in individual competencies (Rothaermel and Hess, 2007; 
Wals, 2010). Although it is clear that the individual level is crucial to the achievement of sustainability 
goals, current research in business and management literature mainly concentrates on factors affecting 
or enhancing sustainability performance emanating from the institutional and organisational level (see 
Aguinis and Glavas, 2012 for a review; Veldhuizen et al., 2013). There is a call for studies on the 
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contribution of individuals that may affect organisational CSR-performance (Aguinis and Glavas, 2012). 
In educational literature (i.e. education for sustainable development), the importance of the individual 
level is already recognized and better researched.  
In Dentoni et al. (2012), CSR competencies in the business context are summarised by making 
use of existing sets of CSR and sustainable development (SD) competencies provided, for instance, by 
De Haan (2010) and Wiek et al. (2011). In general, these sets of competencies find their origins in 
educational literature and are based on literature reviews; without hardly any verification whether or how 
these competencies are connected with managerial CSR tasks. The goal of this paper is to empirically 
explore the competencies identified in the extant literature as to which of them enable managers to fulfil 
core tasks of CSR implementation in a specific business context. Relative to the existing literature then, 
this research introduces and applies a method for empirically assessing CSR competencies in cases 
where CSR practices are implemented in other settings. To the best of the authors’ knowledge, this is the 
first study analysing the links between CSR competencies and core tasks of CSR implementation in a 
business context. The first research question of this paper therefore is: 1) Which managerial CSR 
competencies identified in the extant literature can be connected to CSR managers’ core tasks in CSR 
implementation? An additional research question has to be raised to answer this question, because 
competencies get more meaningful when related to the context in which they are performed (Mulder et 
al., 2005). The second research question is: 2) What core tasks of CSR implementation can be identified 
for CSR managers operating in a business context? Since this article concentrates on the business 
context, in the remainder of this article sustainability and CSR are used interchangeably to characterize 
the ongoing process within organizations to realise sustainable business practices.  
This research is relevant from a scientific point of view because it is interesting to know which 
competencies really matter in CSR implementation practices, as empirical findings about what is required 
of the sustainability professionals are still limited (Hesselbarth and Schaltegger, 2014). Furthermore, 
linking competencies with core tasks makes it possible to operationalise competencies in a more concrete 
way, which is necessary as indicated by Adomßent et al. (2014). On the basis of several articles within 
the framework of Education for Sustainable Development (ESD), they concluded that it is still necessary 
to operationalise competencies for measurement (i.e. assessment instruments) and educational purposes 
(i.e. education programmes). The latter is also important from a managerial point of view. The identified 
competencies, accompanied by core tasks, may enhance human resource practices (e.g. selection, 
development, assessment) and the development of these practices in the business (education) context.  
The paper is structured as follows: first a theoretical framework for CSR competencies is 
presented, followed by a method section in which the methods applied are elaborated upon. Finally, the 
findings, conclusion and discussion are presented.  
 
2. Theoretical framework 
In this section the theoretical underpinnings concerning competencies are presented. The first part 
concerns itself with competencies in general while the second part discusses competencies specifically 
applicable to CSR.  
 
2.1 Competencies 
In education, as well as in the corporate world, the term competencies is used as a vehicle for 
communicating about performance and learning processes of individuals (Mulder, 2001). Boyatzis (1982) 
and McLagan (1989) were the first to link the practice of human resource management to development 
in organisations. Competencies are seen as useful (e.g., Dubois and Rothwell, 2004; Lievens et al., 
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2004), since they can be utilized in strategic workforce planning, selection, training and development, 
performance management, succession planning, and motivation and rewarding. Using competencies in 
organisations has benefits for both organisation and employee. The former is able to align its strategic 
goals with the goals of the employees, and the latter experiences more transparency (Mulder, 2001). 
Nonetheless, the concept of competence has been applied in widely differing ways in different countries 
(Gonczi, 1994), in different disciplines, and at different times. It is this widespread use that is one of the 
major pitfalls in working with competencies (Biemans et al., 2004). In order to fully understand what is 
meant by competence in this study, the researchers think it is necessary to make abundantly clear how 
to define the concept.  
One can distinguish three main conceptualisations of competence: behaviouristic, generic and 
holistic (Biemans et al., 2004; Sandberg, 2000). In the behaviouristic conceptualisation competencies 
are described as observable behaviours (no attention is paid to the individuals’ input, only the output is 
studied) associated with the completion of each small task (Gonczi, 1994). In the generic 
conceptualisation of competence, which was formulated as a response to the behaviouristic approach, 
competencies are personal qualities (character traits included) that distinguish average performers from 
excellent performers (Eraut, 1994). While the context is taken into account at first, through the 
identification (critical incidents), it gets lost again because this approach attempts to arrive at generic 
descriptions. Currently, Biemans et al. (2004) indicate that most interpretations of competencies are 
derived from the holistic conceptualisation. Within the holistic tradition, the concept of competence is 
defined as follows: “Competence is the integrated performance-oriented capability of a person or an 
organisation to reach specific achievements. These capabilities consist of clusters of knowledge 
structures and also cognitive, interactive, affective and where necessary psycho-motoric skills, and 
attitudes and values, which are conditional for carrying out tasks, solving problems and effectively 
functioning in a certain profession, organisation, position and role” (Mulder, 2001, p.76). Hodkinson and 
Issitt (1995) distinguish two dimensions of holism. The first dimension concerns the integration of 
knowledge, skills and attitudes that are meaningful to someone who is (becoming) a practitioner. The 
second dimension of holism relates to the interrelatedness with the context; competencies can only be 
displayed in a context by taking core tasks or roles into account. 
The aforementioned holistic conceptualisation of competence is adopted in this article, because 
this conceptualisation is based on the observation that competence only acquires meaning within a 
certain context, where professionals interact with one another. Furthermore, it acknowledges that 
competence is related to the notion of situated cognition: “Knowledge is situated, being in part a product 
of the activity, context, and culture in which it is developed and used” (Brown, Collins and Duguid, 1989, 
p. 32). The conceptualisations of competence in the behaviouristic and generic traditions fall short in 
addressing the developmental and situated nature of professional practice (Billett, 1994), and situated 
professionalism (Mulder, 2014). Mulder et al. (2005) have emphasised the importance of analysing 
meaningful combinations of core tasks before competencies can be identified or selected; said core tasks 
represent the situation in which the competencies are put into practice. Taking core tasks as a starting 
point ensures that the situation (i.e. the job and organisation) in which the competencies are to be 
applied is taken into account. In this approach, competence modelling consists first of a task analysis 
(from the perspective of the work that has to be done to ensure the connection with the situation) and 
second a competence analysis (from the perspective of the worker who has to do the work) (Sandberg, 
2000). This corresponds with what Cheetham and Chivers (1996) have called the functional approach.  
 
2.2 CSR competencies 
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Over the past few years, individual competencies for sustainable development have received increasing 
attention in sustainability literature. Significant progress has been made in conceptualising competencies 
for sustainable development, predominantly in the world of education (e.g., Barth et al., 2007; De Haan, 
2010; Wiek et al., 2011). Steps have been taken in the corporate world as well, Willard et al. (2010) 
provides us with an overview of the competencies of sustainability managers. Within the educational 
tradition, two recent studies should be singled out for their empirical approach. In the first place, the 
study by Rieckmann (2012). He identified three important competencies (labelled as key competencies) 
for higher education: systemic thinking and handling of complexity, anticipatory thinking, and critical 
thinking. The significant value of this paper is the way it utilises its empirical basis (i.e. by questioning 
international experts in the field of SD) to achieve international agreement in the debate concerning the 
most important key competencies for SD. Secondly, the work of Hesselbarth and Schaltegger (2014). On 
the basis of MBA alumni’s experiences, they empirically linked sustainability competencies with situated 
duties and activities. They created a so-called competency matrix for change agents in sustainability, in 
which they propose a structure of basic components for postgraduate education in sustainability 
management. To complement and advance on this strand in the literature, this research introduces and 
applies a method for providing empirical evidence on CSR competencies from the perspective of 
managers undertaking CSR implementation practices.  
In this study competencies are linked to core tasks of a job, while practitioners (CSR managers) 
provide the empirical basis; the situatedness is taken into account. In this way, competencies might 
grow more meaningful (according to Mulder, 2014) and that, in turn, might lessen the differences of 
opinion about the proper interpretation of the competencies required for sustainability. The aim of this 
article therefore - as the introduction already stated - is to relate CSR (key) competencies to the core 
tasks of CSR managers in everyday practice, in order to get a better sense of the desired competencies 
with the aim of increasing meaningfulness and doing away with misinterpretations.  
Dentoni et al. (2012) made use of existing frameworks for SD and CSR competencies. They used 
De Haan (2010) and Wiek et al. (2011) as starting points, complemented by sets of SD competencies 
reported by Ellis and Weekes (2008), Mogenson and Schnack (2010), Schnack (1996) and Wilson et al. 
(2006). From this they composed a list of seven competencies for sustainability. This list is a 
comprehensive overview of SD competencies up to 2011 and was taken as a starting point for this study. 
But neither the list by Dentoni et al. (2012), nor the lists sourced from other authors (i.e. De Haan, Wiek 
et al.) view competencies in relation to the tasks or job duties of sustainability managers in professional 
practice. This stems from the predominantly educational purposes and backgrounds of said sets of 
competencies.  
Dentoni et al. (2012) composed a framework consisting of seven competencies required for 
professionals who are actively involved in dealing with sustainability in their work environment:  
1. Systems thinking competence: the ability to identify and analyse all relevant (sub)systems 
across different domains (people, planet, profit) and disciplines, including their boundaries. Systems 
thinking competence is the ability to understand and reflect upon the interdependency of these 
(sub)systems, including cascading effects, inertia, feedback loops and accompanying cultures (Wiek et 
al., 2011).  
2. Embracing diversity and interdisciplinarity competence: the ability to structure relationships, 
spot issues, and recognise the legitimacy of other viewpoints in business decision making processes; be 
it about environmental, social and/or economic issues. It is the ability to involve all stakeholders and to 
maximise the exchange of ideas and learning across different groups (inside and outside the 
organisation) and different disciplines (De Haan, 2010; Ellis and Weekes, 2008; Wilson et al., 2006).  
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3. Foresighted thinking competence: the ability to collectively analyse, evaluate, and craft 
“pictures” of the future in which the impact of local and/or short term decisions on environmental, social 
and economic issues is viewed on a global/cosmopolitan scale and in the long term (Wiek et al., 2011).  
4. Normative competence: the ability to map, apply and reconcile sustainability values, principles 
and targets (Wiek et al., 2011).  
5. Action competence: the ability to actively involve oneself in responsible actions for the 
improvement of the sustainability of social-ecological systems (De Haan, 2010; Mogensen and Schnack, 
2010; Schnack, 1996).  
6. Interpersonal competence: the ability to motivate, enable, and facilitate collaborative and 
participatory sustainability activities and research (Wiek et al., 2011). 
7. Strategic management competence: the ability to collectively design projects, implement 
interventions, transitions, and strategies for sustainable development practices. This domain involves 
skills in planning (e.g., design and implement interventions), organising (arranging tasks, people and 
other resources), leadership (inspiring and motivating people) and control (e.g., evaluating policies, 
programmes and action plans) (De Haan, 2010; Wiek et al., 2011).  
The following section describes the empirical analysis methods used in this research. 
 
3. Methods 
To answer the research questions, existing interview data from a prior research project was used. 
Analysing existing data for another purpose – i.e. secondary data analysis - involves pursuing a research 
interest which is distinct from that of the original work; be it a new research question or an alternative 
perspective on the original question (Hinds et al., 1997).  
In this case, the stated goal of the prior research project was learning how companies engage 
with stakeholders – such as NGOs or governments (Selsky and Parker, 2005) - and integrate knowledge 
of sustainable development into the organisation (Veldhuizen et al., 2013). Within the context of this 
prior project, the interviews described how managers undertook CSR activities in a multi-stakeholder 
collaboration context; said project focused on the company involvement in cross-sector partnerships 
within the framework of sustainability. The analysis put forward in this article, however, focuses on the 
core tasks of individual professionals involved in the implementation of sustainability. The fact that 
stakeholder involvement is crucial for working on CSR challenges has already been pointed out in the 
theoretical section by referring to Peterson (2009); social responsibility implies responsiveness to the 
expectations of stakeholders. All in all, the reutilisation of the existing interview data for pursuing 
answers to other, albeit closely related, research questions was deemed legitimate. It adheres to what 
has been called a new perspective focus (Heaton, 2002). 
Heaton (2002) summarises four methodological and ethical concerns to be taken into 
consideration when utilising secondary data analysis. The first issue concerns compatibility of the data. 
To what extent are the data amenable to the goals of the secondary analysis? In this case, all of the 
interviews were aimed at the analysis of organisational drivers for sustainable development. It was 
therefore considered to be compatible. The second issue reported by Heaton (2002) concerns the 
position of the secondary analyst. The requirement that was formulated to satisfy this issue is that the 
secondary analyst has access to the primary data. In the current study, one of the analysts involved in 
the secondary data analysis was also involved in collecting and analysing the primary data for the 
original study. The third issue concerns the transparency with which the primary data were gathered. In 
this study, the design, methods, and issues involved are fully reported on so as to be as transparent as 
possible. Finally, Heaton (2002) brings forward the ethical issue. Where sensitive data is involved, to 
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what extent does secondary analysis violate the contract made between the subjects and the primary 
researchers? In this case the topic of the interviews was sustainability as well, so in that sense the 
contract is not deemed to have been violated.  
The original research was based on case studies. Cases were selected on the basis of theoretical 
sampling (see Veldhuizen et al., 2013 for more details on sampling and criteria). The case study method 
is also appropriate for this current study because the context in which the managers operate is crucial to 
the tasks they perform and consequently to the competencies they need (Yin, 2003). Furthermore, the 
case study method lends itself to theoretical development (Yin, 2003). The nature of the study is 
qualitative, in the sense that in-depth interviews of four managers were used for this research. This 
research has an explorative nature because, to the knowledge of the researchers, it is the first time the 
theoretical (key) competencies are defined in relation to practical core tasks of CSR implementation.  
 
3.1 Sample Selection & Data Collection 
As part of the prior project from which the interviews constituting the database for this research 
are taken, between 2011 and early 2012 researchers questioned CSR managers of four of the fifty 
largest global agri-food MNE’s. The agri-food business is a primary example of a sector where 
sustainability is important, given its role in food-related health crises (European Commission, 2001) and 
the enhancement of food safety (Hamann et al., 2012). Companies in the agri-food sector increasingly 
attempt to meet the expectations of their stakeholders (customers, governmental organisations, society 
at large) (Dentoni et al., 2012) in order to secure and enhance their license to operate (Blok et al., 2013; 
cf. Gunningham et al., 2004).  
While in the prior research the four companies involved in CSPs were purposely selected 
(Veldhuizen et al., 2013), in this study it is the CSR managers that are analysed - rather than their 
companies - since this study’s unit of analysis is the individual rather than the organization. The cases of 
the four managers are comparable based on the following three parameters: 1) all companies operate in 
the same industry (food manufacturers buying raw agricultural products); 2) all companies are 
comparable in size - being large multi-nationals procuring similar agricultural products from developing 
countries and emerging economies - and facing similar sustainability problems (similar in terms of global 
scale and complexity of the issues at hand); and 3) all CSR managers work at the decision-making 
European headquarters of their respective companies; all of which are based in the Netherlands.  
The interviews were held with CSR managers (responsible for sustainability and CSR), were 
semi-structured in nature, and focused on understanding how they dealt with multiple stakeholders in 
the process of CSR implementation. Indirect questioning techniques were utilised to learn as much as 
possible from the subjects, while at the same time attempting to minimise social desirability bias (Fisher, 
1993). The managers were asked to: “describe a set of CSR initiatives undertaken by themselves as their 
companies’ CSR representatives with stakeholders over time, both within and outside CSP for SD”.  
 
3.2 Data analysis 
Although multiple cases are used, it is not the aim of this study to compare said cases. The 
cases are used to describe the tasks and activities of the CSR managers in their real-life context. The 
data gathered in the four cases are analysed by means of a descriptive method (Yin, 2003). 
The analysis of the interview data involved three steps and consisted of a combination of 
inductive and deductive methods. All steps were undertaken with three researchers (in each step the 
same researchers were involved) in order to establish intersubjectivity.  
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The first step consisted of the identification of core tasks. As explained above, a core task is 
defined as an important meaningful task in practice (Mulder et al., 2005). Core tasks undertaken in the 
sustainability initiatives were identified from the raw data in an inductive way. The first step was marking 
those excerpts from each interview that represented relevant process steps and activities in moving 
towards sustainability. These excerpts were subsequently labelled; the labels emerged bottom up while 
selecting the excerpts. Initially, each researcher examined the interview transcripts individually and, 
subsequently, identified excerpts and coded these excerpts with labels (open coding; Glaser and Strauss, 
1967). Then the different lists of excerpts and accompanying labels were compared by the group of 
researchers as a whole and integrated into one list by means of axial coding (Glaser and Strauss, 1967); 
eventually ending up with a list of core tasks. Different rounds of coding were needed to attain sufficient 
intersubjective agreement (Glaser and Strauss, 1967). The result was a list of 19 core tasks to be 
explored and have their interrelationship examined. This resulted in four sets of core tasks arranged in 
chronological order: I) Orientation, II) reaching common ground, III) performing pilot projects, and IV) 
embedding results.  
The second step was to identify labels for the competencies in order to make them, as 
formulated within the theoretical framework, less abstract. Based on the description of the competencies 
by Dentoni et al. (2012), and an existing questionnaire based on those same competencies (Lans et al., 
2014), the seven competencies were provided with labels representing underlying performance criteria. 
This resulted in a total set of 70 labels for all CSR competencies (see appendix A). This step had a 
deductive character; the theory-based competence descriptions are rendered more concrete by means of 
these labels.  
In the third and final step, the outputs of step 1 and 2 were matched. In practice this meant that 
the relationship between the sets of core tasks (step 1) and the competencies (step 2) were assessed. 
This relationship was assessed based on the overlap of both sets of concrete labels. Each researcher 
initially examined the relationship between the labels of the competencies and labels of the core tasks on 
his/her own. Subsequently, the similarities and differences were identified by the researchers as a group. 
Since coding relations between core tasks and competencies is mainly interpretative work (Glaser and 
Strauss, 1967), three rounds of discussion were needed to attain intersubjective agreement. The 
percentage of labels that straddled both constructs was called the overlap (see table 3). If more than 
50% of the labels of the competencies and the core tasks showed overlap, there was considered to be a 
relationship between competence and core task. The percentage used is relatively low, owing to the 
explorative character of this study, but is considered appropriate at this stage.  
 
4. Findings 
The findings section is divided into two parts (respectively, the results of step 1 and 2) after which these 
two parts are integrated (step 3). The first part concerns the core activities of implementing CSR divided 
among four phases. In table 1, the four sets of core tasks are shown alongside the individual core tasks. 
These sets of core tasks are: I) Orientation, II) Reaching common ground, III) Performing pilot projects 
and IV) Embedding results. Each set consists of three to six core tasks and each core task is described in 
the table.  
 
Set of core tasks Core tasks 
I. Orientation 1. Sustainability thinking 
2. Analysing systems 
3. Identifying consumer needs 
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4. Willingness to change 
5. Weighing stakeholders 
6. Strategic decision making 
II. Reaching common ground 7. Initiating changes 
8. Building openness and trust 
9. Sharing objectives 
10. Balancing interests 
11. Operational decision making 
III. Performing pilot projects 12. Collaborating  
13. Knowledge sharing and integration 
14. Project management 
15. Supply chain orientation 
16. Disseminating output 
IV. Embedding results 17. Creating project ownership / empowering internal change agents 
18. Integrating approaches 
19. Marketing 
Table 1 Sets of core tasks and separate core tasks 
 
The second part of the results consists of the competencies and accompanying labels. In step 2, 
for each competence between 5 and 19 labels were identified. Appendix A shows the entire set of labels. 
In table 2, the accompanied core tasks are shown per competence (i.e. systems thinking competence) if 
the overlap between the labels representing competencies and the labels representing core tasks was 
50% or more.  
 























































































































































2. Analysing systems (I) 12 12 100% 
15. Supply chain orientation (III) 12 12 100% 
Foresighted thinking 
competence 
3. Identifying consumer needs 10 2 20% 




4. Willingness to change (I) 7 4 57% 
5. Weighing stakeholders (II) 7 7 100% 
10. Balancing of interests (II) 7 7 100% 
13. Knowledge sharing and 
integrating (III) 
7 5 71% 
8. Building openness and trust 
(III) 
7 7 100% 
18. Integrating approaches (IV) 7 6 86% 
Interpersonal 9. Sharing objectives (II) 8 7 88% 
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competence 10. Balancing of interests (II) 8 6 75% 
8. Building openness and trust 
(III) 
8 8 100% 
17. Creating project 
ownership/empowering internal 
change agents (IV) 
8 4 50% 
Action competence 7. Initiating changes (II) 5 5 100% 
11. Operational decision making 
(II) 
5 4 80% 
Strategic management 
competence  
6. Strategic decision making (I) 19 9 51% 
14. Project management (III) 19 16 84% 
Table 2 Percentage of overlap between the labels of competencies and the labels of core activities 
 
Table 2 shows us that the labels of five competencies show sufficient overlap with labels of core tasks. 
These competencies are: Systems thinking, Embracing diversity and interdisciplinarity, Interpersonal, 
Action and Strategic management. The competencies Normative and Foresighted thinking are not linked 
to core tasks during the analysis. Except for Action, all competencies are deemed necessary in more than 
one or even more than two sets of core tasks. In the first set of core tasks (Orientation) three 
competencies are identified as necessary: Systems thinking, Embracing diversity and interdisciplinarity, 
and Strategic management. In set II (Reaching common ground), there are also three competencies that 
are identified as necessary for performing the core tasks: Embracing diversity and interdisciplinarity, 
Interpersonal, and Action. In set III (Performing pilot projects), there are even four competencies that 
are considered necessary: Systems thinking, Embracing diversity and interdisciplinarity, Interpersonal, 
and Strategic management. In set IV (Embedding results), two competencies are considered necessary: 
Embracing diversity and interdisciplinarity, and Interpersonal. In all sets the Embracing diversity and 
interdisciplinarity competence is viewed as vital to the core tasks of implementing CSR; table 3 provides 
an overview. In this table the relationships between the competencies and the sets of core tasks is 
shown. Where competencies were related to one or more of the core tasks in the sets of core tasks, a 






































































Systems thinking competence X  X  
Embracing diversity and interdisciplinarity competence X X X X 
Interpersonal competence   X X 
Action competence  X   
Strategic management competence X  X  
Table 3 Competencies underpinning sets of core tasks for realizing sustainability 
 
Reading the content of table 3, it illustrates clearly that the this study does not identify the competencies 
Normative and Foresighted thinking as necessary for the realisation of CSR and that Embracing diversity 
and interdisciplinarity is the one that is needed in all sets of core tasks for the realisation of CSR. 
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Furthermore, table 3 shows that when applying the 50% rule, the following core tasks are excluded for a 
lack of overlap: sustainability thinking (only 11%), identifying consumer needs (only 20%), collaborating 
(no overlap at all), disseminating output (no overlap at all) and marketing (no overlap at all). This does 
not mean that those core tasks are unimportant; it just means that they do not relate to the 
competencies as put forward by theory. This indicates that other competencies need to be identified, 
because the current ones cannot be linked to these core tasks.  
 
5. Discussion  
Within the context of this research, the competencies Foresighted thinking and Normative were not 
recognised in the CSR practices of the four CSR managers. This does not mean that these competencies 
are totally unimportant; both Rieckmann (2012) and Hesselbarth and Schaltegger (2014) provide 
empirical evidence for both competencies (or comparable constructs). The results of this study only 
indicate that those competencies are not related to the core tasks of the four CSR managers under 
analysis.  
In other words, within the specific context of these CSR managers, Foresighted thinking does not 
appear to be necessary anymore. This could lead to the interpretation that Foresighted thinking is only 
necessary at the point in time when the decision to start working on sustainability is taken by the board 
of directors, while for other people within the organisation (CSR managers in this case) it is not 
necessary, from an organisational point of view, to think foresightedly. This possible explanation would 
be consistent with what is depicted by Maon et al. (2008): each phase of CSR implementation (i.e. 
sensitize, unfreeze, move and refreeze) demands different activities and qualities from managers and 
organisations. Following this line of reasoning, Foresighted thinking could be relevant in the starting 
(sensitize) phase and lose its importance in the other phases (unfreeze, move and refreeze) where the 
analysed managers currently reside.  
The Normative competence also went unrecognised in the specific setting of the analysed 
managerial CSR practices. Sustainability is undeniably a normative concept, as it does not describe the 
world as it is but as it should be. In the Normative competence, values, principles, goals and targets are 
negotiated and it includes such broad concepts as integrity, equality and justice (Wiek et al., 2011). In 
this respect, normative competence concerns itself with the way companies should operate. According to 
this view on normative competence, a plausible interpretation of this result is that managers do not 
recognise the Normative competence in their CSR practice because it has been internalized in their 
behaviour. Another, yet still plausible, interpretation is that the apparent absence of normative 
competence in the dataset may indicate structurally low levels of normative competence within the 
selected business context. This, in turn, could explain some of the conflicts between companies and 
NGOs with regards to value frames and trade-offs between ecological and economic interests (Peterson, 
2009). In this respect, one could argue that these companies are not acting in an ethical fashion. This 
could, for instance, be due to a strong focus on profit maximisation. In this respect, these findings could 
be seen as confirmation of the classical view of the firm as non-ethical, or of the fact that these 
competencies are not necessary (anymore) in the phase the participating companies find themselves in.  
Action competence is only recognised in relation to the second set of core tasks (reaching 
common ground). This could be seen as a surprising result because one would expect that the action 
competence might be important while performing pilot projects (III) as well. Action competence, 
however, means to actively involve oneself in responsible actions for the improvement of the 
sustainability of social-ecological systems (De Haan, 2010; Ellis and Weekes, 2008; Mogensen and 
Schnack, 2010). Because action competence (with labels such as: pro-activeness in decision making, 
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taking responsibility, and perseverance of goals) concentrates on the personal involvement and personal 
actions of a CSR manager (De Haan, 2010) and not on the activity of other members of the company 
(e.g., line-managers, support staff). This may explain why action competence is in fact important for the 
second set of core tasks, namely to reach common ground. This implies that CSR managers initiate 
action and bring parties together when they deem it necessary.  
Strategic management competence and Systems thinking competence are both identified as 
important to the set of core tasks Orientation (I) and Performing pilot projects (III). This can be 
explained by the fact that management in this first phase has to be performed mainly outside of the 
company (i.e. with stakeholders) and be seen within the larger context. The third set of core tasks 
concerns mainly internal (strategic) management. CSR managers’ systems thinking focuses mainly on 
the product or process level. For example, systems - as described by Wiek et al. (2011) - are abstract by 
nature, whereas in the practice of the CSR manager systems equate to products. Both competencies are 
needed at two different levels which implies differing operationalisations of these competencies in 
relation to the different sets of core tasks.  
Furthermore, Interpersonal competence is considered important in the last two sets of core tasks 
(performing pilot projects and embedding results). It turns out that convincing one’s company’s 
employees and managers to participate in a pilot project is of vital importance. And the execution of that 
core task depends heavily on the interpersonal competencies of CSR managers. After convincing the 
employees and management, it is important that CSR managers keep sustainability on the agenda and 
embed the results in daily practice. Interpersonal competencies turn out to be very important in this set 
of core activities as well.  
Finally, the results suggest that the Embracing diversity and interdisciplinarity competence is the 
one that is identified as necessary for all sets of core tasks. It is relevant to all sets because the diversity 
of stakeholders and their values and opinions are important while also being subject to change. So, it is 
necessary to constantly review stakeholder opinions (internally and externally) and take those 
considerations into account. Interdisciplinarity is also present in all sets of core tasks. CSR managers 
have to cooperate with people representing different disciplines in each set of core tasks; with NGOs in 
the first (Orientation) phase, for example, and in later stages with representatives of internal company 
disciplines (in project teams with representatives from different departments, for example). In the 
research by De Haan (2010) interdisciplinarity is merely considered in terms of topics (poverty or 
economics) that have to be analysed and evaluated in the past and present. When operationalising this 
competence in the context of CSR managers, it mainly comes down to working with people with a 
different (disciplinary) background. CSR managers constantly work with groups of people from a wide 
range of disciplines and the composition of these groups varies in accordance with different sets of tasks. 
Rieckmann (2012) also confirms the significant importance of interdisciplinary work, empathy, and 
change of perspective; although not as one of the three most important key competencies. This might be 
explained by the different empirical bases (i.e. education and corporate) on which the conclusions were 
drawn.  
It is shown that each verified competence has its own role to play in a particular set of tasks. 
The operationalisation of the same competence differs per set of core tasks, thus giving more in-depth 
understanding of what CSR competencies encompass. This makes the competencies more meaningful, 
comprehensible in practice and less exposed to ambiguous interpretations, which is beneficial for training 
and assessment purposes like ESD (Adomßent et al., 2014). 
Follow-up research would necessarily need to uncover which competencies are necessary to 
underpin those core tasks that fell out of this study’s analysis. This concerns the core tasks: 
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sustainability thinking, identifying consumer needs, collaborating, disseminating output, and marketing. 
It should be possible, by means of interviews, to learn more about these core tasks and to identify the 
competencies they desire. This overview of competencies underpinning core tasks for implementing 
sustainability is therefore not complete yet. One would expect to find a competence like communicating 
with stakeholders outside the own organisation (O’Riordan and Fairbrass, 2013).  
What do the outcomes of this study mean for (future) CSR managers; how can they develop 
these competencies? For them, it is important to receive feedback from other employees and reflect on 
their practical experiences so as to learn together from dealing with and solving CSR challenges. In the 
first place, the situational/contextual aspect is very important for learning (Billett, 1994), so general 
approaches for teaching these competencies are less desirable. Secondly, it is extremely difficult to 
approach the complexity of sustainability challenges in educational settings, although research shows 
that higher education is making great strides towards implementing education for sustainable 
development (Rieckmann, 2012; Wals, 2014; Lambrechts et al., 2013). Higher education will provide 
students with a necessary and firm basis through the use of service learning, for example. It remains, 
however, necessary to implement (learning) activities in (management) practice. Learning sustainability 
or CSR is a continuous and collective (learning) process (cf. Blok, 2013) and those managers that are 
already professionals will have to develop themselves in this area. The competencies required are too 
complicated to develop “on the fly”. Managers need discussion and feedback, to really develop and 
improve these competencies.  
The research described in this article is an attempt to approach CSR competencies from a 
situated conceptualisation of competence. The next step in research would be to actually test how the 
competencies and core tasks relate to each other through a more quantitative approach, while the 
relationships that this study revealed could be tested more broadly. 
The research set-up and approach chosen in this study have their limitations; the first set of 
limitations relates to the secondary data analysis. In the first place, although the conditions - as set by 
Heaton (2002) - are met, the very nature of secondary data analysis leaves it particularly susceptible to 
criticism and it would be most effective when combined with other approaches (Smith, 2008). In this 
particular case, the data were gathered with another aim, consequently there was no chance to ask 
further questions on the particular topic of this article and it remains unclear whether all information that 
the subjects had to offer about the core tasks in relation to CSR was shared. Nevertheless, one can 
consider this a useful exploration of introducing and applying a method for operationalising competencies 
and for gauging what competencies are necessary for which CSR core tasks in management practice. 
Secondly, the context in which the managers under analysis operate is highly specific since the four 
managerial cases have key common characteristics. Thirdly, uncovering managers’ competencies 
necessary for realising CSR is considered to be quite difficult (cf. Van Kleef and Roome, 2007); because 
asking managers for these competencies mostly ends in every competence being deemed important. 
Connecting the competence with core tasks and applying an indirect analysis prevents this problem. 
Where it comes to the purpose of operationalising the competencies, the set-up of this research appears 
to be sufficient and the results of this study should be seen as setting the research agenda. It is 
important to test the operationalisation on a larger scale, though. In relation to this, the researchers feel 
the choice to work with 50% overlap was justified. The purpose of this article, as mentioned before, was 
to explore how competencies and core tasks relate to each other, and in the opinion of the researchers a 
50% overlap is considered sufficient to demonstrate a relationship.  
The second set of limitations relates to case studies. The most important shortcoming of a case 
study method is the seeming lack of generalisability of the outcomes (Yin, 2009). This study incorporates 
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four cases (i.e. CSR managers) and that is a relatively small number. The extent to which the results can 
be generalised is to be considered limited. The results are especially valid for managers working in agri-
food companies that took the decision to effect CSR (and therefore already appointed CSR managers, for 
example), and are in the phase of actually working on pilot projects to implement it (unfreeze stage; 
Maon et al. 2009). Another pitfall of the case study approach is how to ensure the consistency in the 
findings. To maximise robustness two measures were taken. In the first place, the interview data were 
collected by means of semi-structured interviews, so they were comparable to a large extent. And 
secondly, because multiple researchers independently coded the interview data and subsequently met 
and came to a consensus on the emerging codes and categories, the reliability of the findings was 
increased (Baxter and Jack, 2008).  
Finally, the role of CSR managers was central to this study. But, as the core tasks already show, 
the CSR managers are not the only persons involved in the implementation of CSR. The CSR managers 
could be identified as the “change agents” of Hesselbarth and Schaltegger (2014), but these 
professionals need to involve other employees within their organisations as well (in projects, for 
example). They are the ones who have to bring about change and ensure that CSR is an ongoing (and 
collective) learning process, which should eventually involve all company employees. In further research, 
it remains to be seen to what extent other employees within organisations need competencies and how 
these competencies are distributed among different groups of employees. Maybe it would be possible to 
identify specific competencies for specific sets of CSR core tasks and groups of employees within 
organisations. This would make the operationalisation of the competencies even more concrete. 
 
6. Conclusions 
To contribute to the theory and practice of CSR and competencies, two research questions guided this 
study. The first research question of this paper was: 1) Which managerial CSR competencies identified in 
the extant literature can be connected to CSR managers’ core tasks in CSR implementation? To answer 
this question, an additional research question was raised, because competencies are more meaningful in 
relation to the core tasks (situation) in which they are performed. 2) What core tasks of CSR 
implementation can be identified for CSR managers operating in a business context?  
Knowing that the results of research question 2 are conditional upon the results of research 
question 1, the conclusion to research question 2 is presented first. In total, four sets of core tasks were 
identified while analysing the transcripts of the interviews with CSR managers: I) orientation (6 core 
tasks), II) reaching common ground (5 core tasks), III) performing pilot projects (5 core tasks) and IV) 
embedding results (3 core tasks). These core tasks represent the daily tasks of CSR managers of 
companies that have been working on CSR for some years. Related to the first research question, the 
results suggest that the following competencies are to be recognised in relation to the sets of core tasks: 
Systems thinking, Embracing diversity and interdisciplinarity, Interpersonal competence, Action 
competence and Strategic management. These competencies all have a link with one or more sets of 
core tasks. Linking competencies with core tasks contextualises CSR competencies in CSR management 
practices and provides empirical evidence of the theoretically identified competencies. 
The aim of this article was to explore which competencies would relate to CSR core tasks as 
identified in CSR managerial practice. This contributes to the literature by refining the existing CSR 
competencies theory with an empirical method that identifies the core tasks for CSR implementation 
while finding its basis in managerial practice. Future research at the individual level could benefit from 
applying this method to identify sets of relevant competencies and core tasks in different and broader 
contexts. Furthermore, the list of competencies in relation to core tasks has practical advantages for both 
16 
 
corporate and educational practices. Connecting the competencies to core tasks makes these 
competencies more meaningful and opens up possibilities of operationalising these competencies. For 
both the educational context (development and assessment) and the management context (especially 
development) this gives concrete input for learning trajectories (i.e. service learning, peer feedback).  
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Appendix A Competencies and accompanying labels  
Competence Labels 
Systems thinking  
(12 labels) 
1. Analysing sub systems 
2. Analysing systems 
3. Cascading effects 
4. Causing effect relations 
5. Reflecting on elements of interdependency 
6. Identifying sub-systems 
7. Identifying scale 
8. Understanding aspects of interdependency 
9. Identifying systems 
10. Feedback loops 
11. Understanding scale effects 
12. Overview of motives 
Foresighted thinking  
(10 labels) 
1. Crafting pictures of the future 
2. Assessing effects on intergenerational equity 
3. Balancing local\global 
4. Opportunities recognition 
5. Balancing long-term\short-term 
6. Innovation 
7. Collectively evaluating pictures of the future 
8. Assessing unintended harmful consequences 
9. Collectively analysing pictures of the future 
10. Creativity 




3. Inter and intra generational equity 
4. Principles 
5. Accountable for decision-making 
6. Values 
7. Sustainability values 
8. Justice 
9. Socio-ecological integrity 




1. Structure relations 
2. Facilitating dialogue 
3. Stimulating exchange of ideas 
4. Proactivity in information exchange 
5. Openness to other viewpoints 
6. Recognition of legitimacy of different viewpoints 





1. Enabling collaboration 
2. Communicating 








Action competence  
(5 labels) 
1. Proactive in decision making 
2. Taking responsibility 
3. Perseverance of goals 
4. Decision initiative 
5. Active involvement 
Strategic management  
(19 labels) 
1. Evaluation of policies 
2. Controlling 
3. Collectively design interventions 
4. Leading 
5. Planning skills 
6. Taking action 
7. Inspiring 
8. Organize 
9. Implementing strategies 
10. Measuring performance 
11. Collectively implementing interventions 
12. Evaluation 
13. Arranging tasks 
14. Motivating 
15. Arranging resources 
16. Arranging people 
17. Designing transitions 
18. Evaluation of programs 
19. Evaluation of action plans 
 
 
